Whereas the effects of the substances found in domestic sewage on live organisms is important to evaluate the use of plants to remove pollutants from the environment. The objective of this study was to assess the phytoremediation activity of Allium cepa L. (onion) roots exposed to raw sewage, as well as the acute toxic activity of this effluent for the bioindicators A. cepa, through a cytotoxicity test, and Artemia salina L., through a mortality/immobility test. The physicochemical assessments of the sewage were conducted in two scenarios: immediately after collection and after being in contact with onion roots (phytoremediation) for 24 hours. The physicochemical data indicate there was a reduction in nitrogen and phosphorus levels and in biochemical oxygen demand in sewage treated. The results from the cytotoxicity test with A. cepa indicated a reduction in the mitotic cell divisions of the onions treated with the raw sewage. The mortality/immobility test with A. salina indicated that the concentrations with 50 and 100% of raw sewage induced the mortality of the nauplii. Thus, the data suggest new studies that seek greater efficiency, efficacy and viability of onion phytoremediation.
Introduction
The human species has significantly raised the concentration of xenobiotic substances in the environment, as a result of urban, domestic and industrial activities (Kunz et al., 2002) . Many of these molecules, when spilled into an aquatic environment, harm the entire ecosystem and food chain and, although some rivers have a capacity for self-purification, it is known that many do not achieve this effect (Roveri, 2012) .
In this sense, sewage and its by-products, such as sewage sludge, may have high concentrations of potentially toxic elements representing a potential risk for the whole ecosystem (Abreu-Junior et al., 2019) . According to Instituto Trata Brasil (2018) , only about 51.92% of the Brazilian population has access to sewage collection, of which only 44.92% receive treatment. For this reason, it is important to assess the effects of environmental pollution, especially that generated by sewage, on organisms, specifically with regard to toxicology. The Allium cepa L. has been widely used as a bioindicator organism in experiments (Egito et al., 2007; Abreu-Junior et al., 2019) , as its roots grow quickly and it is quite sensitive to environmental changes, making its results comparable to those obtained with prokaryotes, lymphocytes test systems and ames test (Cabuga et al., 2017; Klauck et al., 2017; Fatma et al., 2018) . The Artemia salina L. is also an organism widely used to assess toxicity levels, since it is highly sensitive and provides biological responses in a relatively short time (Villarroel et al., 2003) , besides having a good correlation with in vivo acute oral toxicity tests (Silva et al., 2010) .
Bioremediation is a process in which live organisms, like fungi, bacteria and plants, are used to reduce the pollution levels of the environment. The enzymatic and metabolic processes of these organisms are capable to remove certain components from a polluted environment, so reducing its altered parameters (Eruke and Udoh, 2015) .
Phytoremediation is a decontamination process in which plants are used to remove pollutants from the environment or to transform the pollutants into substances that are less dangerous for the living beings. Phytoremediation provides huge environmental benefits at a cost lower than physicochemical methods. This area of study has gained momentum in the last ten years, with the discovery of the biotransformation capacity that plant roots have over exogenous organic molecules Baracuhy et al., 2015; Silva et al., 2015; Freitas et al., 2018) .
Correlation between the increase of organic load and the stimulation of cell divisions of meristematic cells from the roots of A. cepa has already been established (Düsman et al., 2014) , however, no study has verified the phytoremediation potential of this organism, especially with regard to the consumption of nitrogen and phosphorus, or the decrease of chemical and biochemical demand of oxygen when this bioindicator is exposed to water with elevated organic load, such as sewage.
Thus, this study aimed to assess phytoremediation activity of A. cepa, after 24 hours of contact with raw sewage collected from Sanepar, as well as the toxic effects of this effluent on the A. cepa and A. salina bioindicators.
Materials and Methods

Sampling
The raw sewage was provided by SANEPAR ("Companhia de Saneamento do Paraná"), the sanitary sewer service company of the state of Paraná, Brazil, in city of Francisco Beltrão/Paraná, where around 20,768 habitants are attended by this company. The collection, as well as its preservation, followed the methodology described in Standard Methods (American Public Health Association et al., 2012) .
Physicochemical analyses
The physicochemical parameters analyzed were: pH and temperature were evaluated using a microprocessed pH meter DLA (Del Lab.), the chemical oxygen demand (COD) was performed through the closed reflux colorimetric method, the biochemical oxygen demand (DBO 5 ) using the dilution incubation method, based on the difference of dissolved oxygen concentration in the five day period and temperature of 20 °C, the dissolved oxygen was measured with the HI 98186 (Hanna), total coliforms using the multi-tube fermentation method, for total nitrogen the macro Kjeldahl method and the phosphor was measured using the digestion method, according to the methodologies recommended in Standard Methods (American Public Health Association et al., 2012) .
Physicochemical analyses were conducted in triplicate with one sample of the sewage, immediately after collection (raw sewage), and with one sample after 24 hours of contact with onion roots (phytoremediation process). Statistical analysis was conducted through the application of analysis of variance (ANOVA) and Mann-Whitney U-test for mean comparison (α=0.05) of the three replicates (n=3).
Phytoremediation
Onion bulbs, weighing 70 grams per unit, were accommodated for rooting in plastic disposable cups with filtered water at room temperature in an aerated and dark space. Once the onion roots were about 2 cm long, ten onion bulbs were selected and placed in contact with 1,500 mL of the raw sewage provided by SANEPAR (150 mL of sewage/bulb) for 24 hours. The goal was verifying the quantity of organic load that the roots could absorb in this period and, therefore, their capacity to promote the phytoremediation of the effluent.
Cytotoxicity for the A. cepa bioindicator
The cytotoxicity test with A. cepa (pear onion) was conducted with meristematic cells of onion roots, which were prepared through the Feulgen reaction and dyed with Schiff reagent (Fiskesjö, 1985) .
Overall, the onion bulbs were left to root in disposable plastic cups with filtered water at room temperature and in an aerated and dark place. After obtaining the roots, the bulbs were separated into groups of 5 bulbs, for the negative control and the sewage treatment.
Before each treatment, two roots (approximately 2 cm long) were collected from each bulb and placed in jars with a methanol and acetic acid fixative solution (3:1), for at least 24 hours in the refrigerator, to serve as the control for the bulbs (0 hours). Next, these bulbs were placed in the samples of sewage provided by Sanepar, for 24 hours. After the treatment period, once again two roots were removed from each onion and submitted to fixation for 24 hours. The remaining roots were washed and bulbs were placed again in filtered water for 24 hours, where they recovered from the potential damage caused by the exposure to sewage. Two roots were collected and fixated for 48 hours. In the negative control group was follow the same methodology, but the onions always maintaining in filtered water.
The roots were then removed from the refrigerator and washed twice with water, remaining in hydrochloric acid 1 mol.L-1 at 60 °C for 10 minutes; then washed again and exposed to the Schiff reagent for 45 minutes in the dark. Slides were prepared with the meristematic region of the roots, identified by the color acquired by the contact with the Schiff reagent. This process involved the maceration of the cells with the acetic-orceindye and crushing the material under the cover slip. The slides were analyzed under a light microscope, using a 40X objective lens, and 1,000 cells were counted per bulb, totaling 5,000 cells for each sampling time (control, treatment and recovery) for the negative control group and for the group treated with raw sewage. The cells were identified according to the phase of mitotic cell division: interphase, prophase, metaphase, anaphase and telophase. The following Formula (1) was used to calculate the percentage of mitotic index:
Number of cells in division MI%
100 total number of cells analyzed = ×
The statistical analysis was carried out using the chi-squared test (α=0.05; n=5).
Toxicity for the A. salina bioindicator
The method proposed by Guerra (2001) , with some adjustments was applied for the immobility/mortality test carried out with the A. salina bioindicator. After hatching, the microcrustaceans were distributed in four test tubes (10 organisms for each tube) containing 2 mL of raw sewage, diluted into 100, 50, 25, 12.5, 6.2 and 3.1% concentrations of saline solutions (30 g sea salt/L of distilled water). In the negative control, the nauplii were placed in a 2 mL saline solution.
After 24 hours, dead and immobile nauplii were counted. The statistical analysis was carried out using ANOVa and Dunnett's method (α=0.05) by the mean number of dead organisms in the four replicates (n=4).
Results and Discussion
The data of the physical-chemical analyzes of the raw sewage (Table 1) show that sewage from different cities can contain different pollutant compositions and quantities. Grisolia et al. (2005) , for example, conducted physicochemical tests on a raw sewage effluent, finding BOD 5 and COD data similar to those from this study; however, the total nitrogen and phosphorus were, respectively, 1.62 and 16.56 times higher than those of the current study (nitrogen = 18.11 ± 4.29 mg/L, phosphorus = 0.32 ± 0.17 mg/L). In the studies by Marguti et al. (2008) and Rodrigues et al. (2009) , the phosphorus and nitrogen data were also higher than those of this study. Moreover, when comparing the COD and BOD 5 data obtained by Passamani et al. (2014) , the BOD 5 values were similar, but the COD values were 1.48 times higher.
The assay of phytoremediation with A. cepa revealed that the physicochemical parameters assessed on sewage treated with phytoremediation were not statistically different (p>0.05) from those of raw sewage (Table 1) . And, there was no decrease in the number of coliform bacteria resulting from the applied treatment. Baracuhy et al. (2015) were able to reduce the number of total coliform bacteria in graywater through phytoremediation with the vegetable grass purple.
Despite the absence of significant difference, the data show that there was a 32%, 18% and 11.8% of reduction in the concentrations of nitrogen, phosphorus and BOD 5 , respectively. The comparison of the results of this study with those obtained by Quege et al. (2013) , in a study carried out with bamboo, shows that bamboo plants are more efficient in reducing the levels of these parameters after 2.3 days of sanitary sewage treatment, since they removed 98.3% of BOD 5 , 97.1% of COD, 98.4% of phosphate and 98.3% of ammoniacal nitrogen. Other studies also show that different plants and treatment times result in different efficiencies of phytoremediation. Benvenuti et al. (2018) , for example, shown that macrophytes Typha domingensis Pers., applied to the treatment of raw sewage in a municipal sewage treatment plant, during 12 months, reduced 56% of BOD 5 , 55% of COD, 78% of total suspended solids, 37% of total phosphorus and 41% of nitrogen. However, the nitrogen reduction value of the raw sewage from the work by Benvenuti et al. (2018) (41%) was similar to the present study (32%). Probably this nutrient was absorbed by the roots of onion for its growth and development. This finding corroborates the study conducted by Gomes et al. (2007) , an increase in the level of nitrogen was found among the corn leaves due to the quantity of sewage sludge fertilizing the soil. It also agrees the conclusions of Figueiredo and Grassi Filho (2007) , who found that substituting the nitrogen of chemical fertilizers by sewage sludge resulted in a significant increase in the production of sunflower grains, oil and dry matter.
Nevertheless, the data of cytotoxicity test carried out with onion roots in the present study (Figure 1) show that the treatment of the bulbs with the raw sewage, after 24 hours, were cytotoxic to A. cepa because statistically decreased the mitotic index (MI: 1.2%), when compared to the cell division index of the negative control for the same time (24 hours) (MI: 2.5%). The cytotoxicity, by the reduction in the mitotic index of A. cepa, was also confirmed by Mazzeo et al. (2015) , with raw sewage sludge collected from the city of Rio Claro, in the state of São Paulo, Brazil, after mitigation tests, and by Srivastava et al. (2005) , with an aqueous extract of the sewage sludge collected from a city in India. Sommaggio et al. (2018 a,b ) also demonstrated the cytotoxicity of sewage sludge by A. cepa and HepG2 cells, respectively, before and after being bioremediated.
As shown by Mazzeo et al. (2015) , raw sewage from Francisco Beltrão probably contains, in addition to a high organic load, other substances capable of inhibiting cellular division, since, this type of wastewater is the result of complex mixtures of organic and inorganic components, in addition to heavy metals that influence the mitotic index and the occurrence of chromosome anomalies (Mazzeo et al., 2015; Ozaki et al., 2017) . The fact that some metals are engulfed by cells during the process known as phagocytosis or pinocytosis, causing molecular damage to DNA, must also be taken into consideration (Matsumoto and Marin-Morales, 2004) . In this sense, Kumwimba et al. (2017) , studying the phytoremediation of domestic sewage with different plants, confirmed accumulation of aluminum, cadmium, arsenic, lead, chromium, iron and nickel in their roots. Silva et al. (2015) showed that the levels of copper applied to the soil decreased the quality of seedlings and growth of Apuleia leiocarpa.
However, the onion roots used in this study were able to recover after 24 hours of recovering in filtered water (time: 48 hours), resulting in a statistically significant increase in the mitotic index of the collection time, from 24 to 48 hours.
In addition, the mortality/immobility test (Figure 2 ) with the A. salina bioindicator revealed that the sewage concentrations of 50% and 100% caused the death of the nauplii after 24 hours of treatment, when compared to the negative control. The toxic effect was dose-dependent since, with the increase in the sewage concentration, there was a higher level of mortality among the microcrustaceans, reaching basically full mortality in the 100% sewage concentration (9.75±0.5 dead organisms).
Similar results were found by Fels et al. (2016) , in which the aqueous extract of sewage sludge caused an 80% mortality rate of A. salina larvae. In addition, other study has shown the toxicity of metals, like cadmium and chrome, for the nauplii of this microcrustacean (Hadjispyrou et al., 2001) . Rosenthal and Alderdice (1976) have suggested that a pollutant can inhibit the movement of nauplii, causing an accumulation of the incubation enzyme around their heads, which results in premature hatching and death.
These data are worrisome, since many types of cancer found in humans are caused by the agents present in the water of rivers (Egito et al., 2007) . Research has shown that rivers, especially in Europe, Asia and South America, have contaminants that are responsible for the appearance of various cases of cancer. Even if raw sewage is treated, many components are not broken down and remain in the water that will eventually be consumed by the population (Grisolia et al., 2005) .
Although these results, new studies should be conducted seeking higher phytoremediation efficiency from onions or others plants, increasing the period of exposure of the Figure 1. Mitotic Indices (MI) of the negative control group and the group treated with sewage, for the collection times of 0, 24 and 48 hours. Means followed by the same lowercase letter do not differ from each other in the comparison between the different exposure times of each control or treated group, and means followed by the same capital letter do not differ from each other in the comparison between the negative control and sewage for each exposure time, by the Chi-Square test (α=0.05). sewage to onion roots, reduce the volume of sewage per bulb, assess heavy metals concentration in the sample and verify if they are correlated with cytotoxicity, analyzing the accumulation of compounds such as nitrogen, phosphorus and some metals to verify the bioaccumulation capacity of the plants or if what has been absorbed is degraded in the plant metabolism and, finally, verifying the cytotoxicity and toxicity of the raw and treated sewage for the bioindicators A. cepa and A. salina.
